High background signal is a common problem experienced when detecting proteins isolated through immunoprecipitation (IP) by Western blotting (WB). The most frequent cause of high background is signal interference from the heavy and light chain fragments of the denatured immunoprecipitating (or capture) antibody -by-products of IP labeled by species-specific secondary antibodies at the WB stage. Here we comment on alternative methods for the detection of immunoprecipitated proteins by WB that avoid labeling of the heavy and light chain to varying extents. Certain methods have been described elsewhere (1), however, their use remains less widespread than traditional detection methods despite offering the researcher considerable advantages.
Introduction
IP is a well-established technique used to isolate specific proteins from a complex solution (e.g. whole cell or tissue lysates), using specific antibodies. The IP method can also be adapted to achieve several other goals, such as chromatin IP (ChIP) (2) and RNA IP (RIP) (3) . Assuming readers are familiar with the basic workings of the IP procedure, this introduction covers in brief the issues associated with the current "go to" WB detection method using horse radish peroxidase (HRP)-conjugated, species-specific secondary antibodies (HRP-IgGs). Traditional WB detection methods rely heavily on HRP-IgGs in the final stages of protein visualization. However, the trend of using the same antibodies for IP capture and primary WB detection, though convenient and economical, has its consequences: labeling the denatured heavy chains (HC) and light chains (LC) of the capture antibody, which remain present in the eluted IP sample. HC and LC fragments appear at 50-55 kDa and 25-30 kDa, respectively, on WB membranes following SDS-PAGE size fractionation. This means that bands of interest are often obscured or compromised by non-specific signal -often markedly so since HC and LC fragments are typically present in greater amounts than the immunoprecipitated protein (see figure  1A ). This methodological artefact can be circumvented in several ways, but the more established solutions, such as the determination of optimum antibody:antigen ratios, biotinylation or radiolabelling methods require large amounts of starting materials and/or target protein; and in the former case, high doses of radioactivity are required. Here we discuss alternative methods for WB detection of IP proteins, namely detection by HRP conjugated Protein A (HRP-protein A) and HRP-conjugated light chain (HRP LC) specific secondary antibody. Both approaches are not applicable to every IP experiment, but overall they are more straightforward, more convenient and -as demonstrated -more effective at delivering a cleaner WB signal following IP than standard HRP-IgGs.
Methods

Immunoprecipitation (IP):
For a basic overview of the IP procedure used please visit: http://www.ptglab.com/blog/wpcontent/uploads/2010/08/Immunoprecipitation1.pdf Note: All IP samples in Figure 1 were eluted using PH 2 glycine buffer.
Western blotting (WB):
Primary detection antibodies used were identical to the capture antibodies listed in the results and discussion section; amounts used were 0.46 μg/ml for anti-EBAG9, and 0.32 μg/ml anti-IFIT3. For an overview of the WB procedure used please visit: http://www.ptglab.com/ blog/wp-content/uploads/2010/08/Western-blotting1.pdf
Results and Discussion
WB detection using HRP-conjugated Protein A A comparison of secondary detection methods was performed using HRP-IgG (HRP-conjugated goat anti-rabbit) and HRP-Protein A. Cancer-associated surface antigen protein RCAS1, also known as EBAG9, was immunoprecipitated from mouse heart tissue lysate using 3μg rabbit polyclonal antibody raised against full-length EBAG9 1 AP). The EBAG9 target was chosen for its observable molecular weight (MW) on WB membranes following SDS-PAGE (4); with a MW of 32 kDa, this protein migrates to a gel region where interference from the primary antibody's LC would obscure the target band. Consistent with this idea, substantial background signal was observed when HRP-IgG (3 μg) was used for detection of the EBAG9 IP sample, but LC signal was completely absent from the equivalent blot obtained using HRP-protein A (0.03 μg/ml). The latter blot is devoid of any discernable background signal save for a band of around 55 kDa representing the HC ( Figure  1A and 1B) . Like traditional HRP-conjugated secondary antibodies, Protein A recognizes the Fc and Fab portions of primary IgGs (5); however, unlike the former, which also binds to the denatured HC and LC fragments, HRP Protein A recognizes intact IgG molecules exclusively. Furthermore Protein A does not bind to the kappa or lambda portions of the LC, whether denatured or intact. Given previous data (1), reinforced by the demonstration here, we recommend that HRP-Protein A, or HRP-Protein G where necessary (see below), be used routinely for the detection of targets below the HC region, ideally around 30-35 kDa or less.
Additional Considerations
Protein A and Protein G are not interchangeable detection reagents; their use is determined by the isotype of the primary detection antibody as they exhibit differing isotype selectivity. Please visit http://www.ptglab.com/essential-tips-for-IP.pdf for further details.
WB detection with LC-specific secondary antibody
We also present a similar efficacy comparison of HRP-IgG (again HRP-conjugated goat anti-rabbit) and an alternative detection IgG specific to the LC region. This time a target protein was selected to examine interference in the HC region. IFIT3 (interferon-induced protein with tetratricopeptide repeats 3), historically known as RIG-G, has an observed MW of 60 kDa (7) and was immunoprecipitated from HepG2 cell lysate using 3μg rabbit polyclonal antibody (Proteintech, catalog no. 15201 1 AP) raised against a 349 amino acid segment of the protein (amino acids 141-490). As expected typical interference at the 50 kDa mark from the HC fragments ( figure 2A ) was avoided by use of a HRP-LC specific secondary IgG ( Figure 2B ). The LC remains ( Figure 2B ), but the target band is unaffected by its presence. This option offers the researcher another route to cleaner blots when using IP samples and should be considered where the protein of interest has a calculated molecular weight higher than 35 kDa. Furthermore, this method is particularly useful in instances where the IgG isotype of the primary detection antibody is not known.
Summary
Overall, there are several options now available to the researcher wishing to detect IP samples via WB in addition to the classic methods utilizing species-specific secondary antibodies. These readily available alternatives give the scientist designing IP experiments more flexibility to accommodate proteins with overlapping MWs to the HC and LC fragments. Ultimately, these options offer cleaner WB membranes and therefore target signals that are simpler to interpret. In some cases these methods transform the most challenging IP experiments into entirely feasible and, moreover, routine experiments. 
